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Abstract
For polymer electrolyte fuel cells (PEFCs), a catalytic burner was proposed to convert a low energy hydrogen exhaust
stream from PEFCs to water. Microreactors with Pt based catalyst coating showed their strength in safely handing the
explosive mixtures of gaseous hydrogen and oxygen because dimensions of microchannel are smaller than quenching
distance of hydrogen. However, the induction period was usually a long time for obtaining a high hydrogen
conversion. Unfortunately, this induction time is difficult to be achieved for PEFCs because the hydrogen discharge
is in pulse. To ignite the hydrogen oxidation at room temperature, a Pt-Al2O3 hydrophobic catalyst coating was firstly
produced via grafting the support of alumina by 1H,1H,2H,2H-Tridecafluoro-n-octyltriethoxysilane (FAS). The Pt-
Al2O3 hydrophobic catalyst showed significantly higher activity than that without hydrophobic modification. It was
found that, for the catalyst of Pt-Al2O3, the support hydrophobicity prevented most of adsorbed water on the support
which results in only a slight decrease in activity. The experimental results suggested that the Pt-Al2O3 hydrophobic
catalyst coating is suitable for the oxidation of hydrogen for PEMFCs.
© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
Polymer electrolyte fuel cells (PEFCs), which have been extensively used due to their high efficiency,
low emission and friendliness to environment. However they also discharge “exhaust gas” in some ways.
Due to solve the problem of stack seeper in PEFCs, hydrogen discharges from the anode in pulse
(discharge of 1s every 60 s for a 5 kW PEFCs)[1]. Obviously hydrogen discharge would cause an
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explosion in a poor ventilation room and damage the ozone layer on the basis of some studies before[2].
In our study, a catalytic microchannel burner was proposed to convert a simulated hydrogen exhaust
stream from PEFCs to water. The support plate was modified to be hydrophobic by special processing.
Results were compared to generated by conventional Pt-Al2O3.
2. Experimental
2.1 Synthesis of hydrophobic Pt-Al2O3 catalysts
The coating process of Pt-Al2O3 was followed by the paper published before[3]. Then the coating plate
was immersed into 2wt% FAS (1H,1H,2H,2H-perfluorooctyltriethoxysilane, Aladdin) in ethanol solution
at room temperature, followed by 24 h to allow the coupling reaction to occur. Then, the plate was
ethanol-washed and dried at 373 K for 6 h. The processes above were repeated twice to increase the
hydrophobicity.
2.2 Activity test
The catalytic activity investigations were carried out in a microstructured reactor which was reported[3].
The feed gas was controlled by mass flow controllers (Seven-star). A three way valve following the static
mixer switched the gas to humid condition. Two one-way valves were in the middle of the pipeline to
guarantee safety. The H2 concentrations were measured by an on-line gas chromatograph (Fuli GC9790).
2.3 Catalyst characterization
The TEM images were obtained on a JOEL JEM 2100F transmission electron microscope with an
accelerating voltage of 200 kV. The average particle size was estimated from a statistical result of 200
particles randomly selected in the TEM images.
Contact angle was measured using Powerreach JC2000D. Pictures were taken every 1 second for the
limitation of the apparatus. Goniometry was the method taken in the measurement of angles.
KBr tablet samples were prepared for the FTIR spectra on a PerkinElmer spectrum 100 FT-IR
spectrometer at room temperature (resolution of 4 cm-1).
3. Results
3.1 Catalytic activities
We investigated H2 catalytic combustion (at 303 K) with a constant flow rate of 25ml min-1 (94% H2)
under dry condition. Test of a conventional hydrophilic Pt-Al2O3 was also carried out. As illustrated in
Fig. 1(a), both of them started with no hydrogen detection untill 10 min. Then, the hydrogen
concentration continuously increased from around zero to 0.469% at 200 min for hydrophilic Pt-Al2O3. In
contrast, the hydrogen concentration rose from zero to the max value of 0.112% at 88 min and then
dropped gradually to 0.0781% for the hydrophobic Pt-Al2O3. The crucial and unfavorable effect of water
on the performance of the hydrogen oxidation can be confirmed.
Actually, for the off-gas of fuel cell, the water is included with a certain concentration[4,5]. As shown in
Fig. 1(b), in the presence of water, the H2 concentration for hydrophilic Pt-Al2O3 catalyst increased
rapidly from 0.457% at 15 min to a high level of 1.59% at 113 min. The hydrogen concentration for
hydrophobic Pt-Al2O3 catalyst rose slightly and slowly from 0.173% at 13 min and was stabilized at ca.
120 min to 0.23%. The tendency that water effecting on catalytic activity can be further confirmed.
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Fig.1.(a) Effect of the reaction time on the performance of hydrophilic and hydrophobic Pt-Al2O3 in dry condition at 303 K (4%
H2, 96% Air and GHSV of 60 000ml g-1h-1); (b) Effect of the reaction time on the performance of hydrophilic and hydrophobic Pt-
Al2O3 in humid condition at 303 K (4% H2, 96% Air and GHSV of 60 000ml g-1h-1).
3.2 Catalyst characterization
3.2.1. TEM
The morphology details of the hydrophobic Pt-Al2O3 catalyst after hydrogen oxidation were examined
using TEM. Fig. 2a and b show the morphologies and primary particle sizes of the hydrophobic Pt-Al2O3
catalyst. A considerable uniformity of catalyst particles was observed. The miniscule metal particles were
obtained, and the size of the Pt particles ranged from 1 to 8 nm with an average value of 2.87 nm.
Fig.2. (a) TEM images of hydrophobic Pt-Al2O3 and (b) corresponding particle size distribution.
3.2.2. Contact angle
Water contact angles (see Fig. 3) for both catalysts were measured. The contact angle of hydrophilic
one was not obtained because the droplet of deionized water was quickly sucked into the catalyst. After
grafting with FAS, the catalyst achieved a high contact angle of 145◦. It indicated that most of the
hydroxyl groups on the surface were remarkably decreased by their reaction with FAS.
Fig.3. (a) photo taken after dropping to unmodified Al2O3 support; (b) photo taken after dropping to modified Al2O3 support
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3.2.3. Fourier transform infrared spectroscopy
FTIR spectra of two catalysts were demonstrated in Fig. 4. One absorption peak at around 1249cm-1
appeared for the hydrophobic catalyst. This band is attributed to the stretching vibration of C-F groups,
revealing that FAS was grafted on the surface of the catalyst.
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Fig.4. Infrared spectra of Al2O3 before and after grafting with FAS
4. Conclusion
A Pt-Al2O3 hydrophobic catalyst coating was produced via grafting the support of alumina by FAS. The
hydrophobic catalyst showed significantly higher activity than that without hydrophobic modification. It
was found that, for Pt-Al2O3, the support hydrophobicity prevented most of adsorbed water on the support
which results in only a slight decrease in activity. The experimental results suggested that the Pt-Al2O3
hydrophobic catalyst coating is suitable for the oxidation of hydrogen for PEMFCs.
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